Twenty-two patients with Parkinson's disease with predominantly unilateral signs in the upper extremities were studied by means of transcranial magnetic stimulation. The mean central motor conduction time (CMCT)on the clinically affected side determined by F wave technique was significantly shorter (p<.01) than that of the other side at rest. However, the mean CMCTduring slight voluntary contraction was not significantly different in the two sides. Amplitudes of motor evoked potentials and F waves tended to be higher on the clinically affected side than on the other side. Weconclude that reduced CMCTand high F wave amplitudes reflect hyperexcitability of the anterior horn cells in patients with Parkinson's disease. (Internal Medicine 33: 77-81, 1994) 
Introduction
Pulsed magnetic stimulation is useful for the evaluation of central motor pathway function, and has been used in the clinical examination of patients with neurological diseases such as multiple sclerosis (1, 2) , amyotrophic lateral sclerosis (3), spinocerebellar degeneration (4), and hereditary neuropathy (5) . In this method, central motor conduction times (CMCT-F; see Methods) are typically calculated using the latency of motor evoked potentials (MEP) by pulsed magnetic stimulation at the head and F wave latency by electrical stimulation of the extremity. CMCT-F,which reflects the activity of the cerebral cortex, descending tracts, and spinal motoneurons, can fluctuate according to the condition of the central nervous system. Parkinson' s disease is classified as an extrapyramidal disorder, and is primarily characterized by rigidity, bradykinesia, and tremor. However, function of the pyramidal tracts and spinal motoneurons may be altered electrophysiologically by parkinsonism because all movementsare controlled by the pyramidal tracts and anterior horn cells. CMCT-Freflecting the conductivity of the pyramidal tracts and anterior horn cells may also be changed in patients with Parkinson's disease.
Parkinsonism may also affect F wave parameters since F waves are produced by antidromic activation of the anterior horn cells of the spinal cord (6). We used pulsed transcranial magnetic stimulation and electrically stimulated F waves to study parkinsonian patients electrophysiologically.
Subj ects
Twenty-two patients (12 females and 10 males) aged 41 to 75 years (62.5+8.2 years; mean±SD) with Parkinson' s disease were studied. Weselected patients with obvious unilateral parkinsonian signs in the upper extremities. The side most affected by tremor or rigidity was defined as the "dominant side," and the less affected side the "non-dominant side." Eleven patients were tremor-dominant and the remaining 1 1 were rigidity-dominant. All patients had consistently taken medication for parkinsonism.
Wealso studied a control group consisting of 6 females and 7 males aged 42 to 70 years (mean 60.6+7.5 years) with no neurological abnormalities.
Methods
Pulsed transcranial magnetic stimulation was performed. The stimulator had high energy capacitors which were charged to a maximumof 900 volts and discharged through a flat coil (exterior diameter 152 mm, interior diameter 125 mm)via electronic switching. Pulsed magnetic fields up to 0.46 Tesla were produced and the peak value flowing through the coil was 10 ,000 amperes after 180 microseconds. The safety of the magnetic stimulator was reported previously (7). The magnetic stimulation coil was placed on the subject's head and the brain was percutaneously stimulated at maximal output. Magnetic stimuli were delivered to both sides of the 
In our study, not only CMCT-F but also CMCT-M was used because CMCT-M was not affected by F wave latency. F wave parameters were measuredfrom 32 tracings at rest and were as follows: persistence (Fp), maximal amplitude (Fmax), average of amplitudes (Fa), Fmax divided by M wave amplitude (M) (Fmax/M), Fa divided by Mwave amplitude (Fa/M), the shortest latency (FLs) and mean latency (FLa).
Data expressed as mean and standard deviations. Interside variables were compared statistically by means ofa paired t test, and intergroup variables were compared by meansof an unpaired t test. The procedures were approved by the Ethics Committee ofNara Medical University and informed consent was obtained from all subjects.
Results
In all patients while at rest, CMCT-M and CMCT-Fto APB and ADM were shorter on the dominant side than on the nondominant side (Table 1) . Whenslight voluntary contraction of the target muscle was added, CMCT-M and CMCT-Fwere similar for both the dominant and non-dominant sides. There were no significant differences in CMCT as compared to the control group. Differences in CMCT-Mand CMCT-F in the slightly contracted state as compared to the resting state were smaller on the dominant side than on the non-dominantside ( Table 1 , Fig. 1 ). Whenthe parkinsonian patients were separated into tremor-dominant and rigidity-dominant groups, both groups showedthe same tendencies in CMCT as those noted in all patients (Table 2 ). In both the tremor-dominant and the rigidity-dominant groups, differences in CMCTin contracted and non-contracted states were smaller on the dominantside than on the non-dominant side (Table 3) . MEPamplitudes determined by transcranial magnetic stimulation tended to be higher on the dominant side than on the nondominant side in all patients (Table 4) . When the parkinsonian patients were separated into tremor-dominant and rigiditydominant groups, similar tendencies were shown in both groups. In the F wave study, Fmax, Fa, Fmax/M, and Fa/M were greater on the dominant side than the non-dominant side (Table 5) . On the other hand, there was no significant difference in FLs or FLa betweenthe dominant side and the non-dominantside. Abbreviations as in Table 1 . (10) reported that the CMCTof patients with Parkinson' s disease is normal at rest and during slight contraction. Cantello et al ( 10) studied only rigidity-dominant patients and achieved continuous relaxation of the patients' muscles electromyographically. On the other hand, the patients studied by Kandler et al (ll) included tremor-dominant patients, and relaxation of their muscles is difficult to compare with Cantello's findings. The present study group included tremor-dominant patients, and the level of muscle relaxation was less than that in the study of Cantello et al (10) . In summary, CMCTis normal during contraction and complete relaxation, but reduced when patients' muscles are incompletely relaxed, even without voluntary contraction. The latter condition, though somewhat vague, is the most commoncondition in patients with Parkinson' s disease. Tremor is different from rigidity pathophysiologically, but is the most frequent symptomin patients with Parkinson's disease. Patients with tremor must be studied clinically, but do not necessarily require evaluation of the pathophysiology of rigidity. Our study was performed under conditions which reflect parkinsonism clinically.
MEPamplitudes tended to be higher on the dominant side than the non-dominant side, but the differences maynot be significant. Other reports (9-1 1) supported high MEPamplitudes resulting from transcranial magnetic stimulation at rest and during muscle contraction in patients with Parkinson's disease.
In the F wave study, amplitudes were larger on the dominant side than on the non-dominant side. Increased F wave amplitudes are considered to reflect spasticity and hyperexcitability of the anterior horn cells (12, 13) . Increased F wave amplitudes in patients with Parkinson's disease have been reported previously (14) . H reflex studies also showed that parkinsonism causes hyperexcitability of the anterior horn (15, 16 
